Recent rounds of GATT and later WTO have advocated widespread tariffication, meaning that existing non-tariff barriers be converted into import equivalent tariffs. From an economic point of view, the effects of such tariffication are not entirely clear. The paper presents a general equilibrium model with monopolistic competition to examine the welfare effects of tariffication. The ranking of pre-and post-tariffication welfare depends crucially on the nature of the initial trade barrier and the tariff tool applied. Tariffication using a specific (an ad valorem) tariff results in the same (a reduced) welfare level compared to an initial quota, whereas welfare is increased (the same) compared to an initial VER.
Introduction
In the past ten years tariffication -the conversion of non-tariff barriers such as quotas and voluntary export restraints (VERs) into import-equivalent tariffs -has been promoted and implemented on a global scale. Yet, the welfare effects of such policies have not been fully understood. The present paper addresses this issue for the case where industries feature monopolistic competition. In particular the paper finds that, in terms of consumers' utility, tariffication using a specific tariff is preferable to an ad valorem tariff, even though an ad valorem tariff generates more tariff revenue and all revenues are reallocated to the population. The initial trade regime is decisive for the effect on consumer welfare under the process of tariffication. In fact, in terms of consumers' utility, specific tariffication of a VER increases welfare while specific tariffication of a quota leaves welfare unaffected. On the other hand, ad valorem tariffication of a quota will reduce welfare while ad valorem tariffication of a VER is welfare neutral. Thus, tariffication relying on ad valorem tariffs has both an opportunity cost in terms of foregone consumer utility compared to tariffication relying on specific tariffs and might even be welfare reducing.
Economists agree that international trade is beneficial for the participating nations. Tariffication is a process where non-tariff barriers such as quotas and VERs are converted into tariff equivalents in terms of import quantities, that is, tariffs that are set such as to result in the original trade volume. This process makes it easier to assess true levels of protectionism and creates a solid base for further negotiations and subsequent tariff reductions, and is thus in accordance with GATT (WTO) principles. Standard theory suggests that bilateral tariff-quota conversions are welfare neutral for perfectly competitive markets. However, domestic governments may benefit from tariffication because a tariff can extract rents in a situation with an initial give-away quota or VER. The importance and impact of tariffication in the recent GATT (WTO) rounds has been discussed among others by Ingco (1996) and Nguyen et al. (1993) (see also OECD (1996) and WTO (1998, chapter 3)). Further, Lawrence (1989) provides an assessment of the significance of tariffication for US trade policy. Finally, tariffication in agricultural markets has received particular attention. For example Larue et al. (1999) present a tariffication scenario for the Canadian dairy industry, and Carbaugh (1997) examines the impact of tariffication on the world trade in agricultural products. The widespread tariffication trend can be detected in the average tariff levels of the major trading nations. Table 1 presents the developments in the external tariffs for three major economies. The effective tariff is measured by production weighted averages, i.e. based on the receiving countries' composition of production, and thus avoids the issue that the quantities demanded do react to the tariff. The data shows that on an overall level, tariffs are generally falling. But, for example, for the sector of food, beverages and tobacco, the mid 1990s see a rise in the average tariff level. The reason is tariffication.
The issue of tariff-quota equivalence, or rather the lack thereof, has received considerable attention in economics (see for example the work by Bhagwati (1965) and Helpman and Krugman (1989) ). Nonetheless, there exist few models that explicitly study the case of tariffication, and to the best of our knowledge there is no formal approach that addresses the issue of tariffication for industries that feature monopolistic competition. There are, however, a number of contributions that relate to the present work. Kowalczyk and Skeath (1994) have shown that in a setting where a country faces one foreign monopolist, ad valorem tariffs are welfare superior to specific tariffs. The result is driven by the fact that the ad valorem tariff is superior in terms of revenue extraction. On the other hand, in line with our result, Das and Donnenfeld (1987) show that for a country facing a foreign monopolist that has a quality choice, the specific tariff generates the higher welfare. In a dynamic two-country game of setting optimal tariffs with retaliation, Lockwood and Wong (2000) show that the move from specific tariffs to ad valorem tariffs improves welfare in at least one country. Their model and in particular the mechanism driving it is very distinct from the present approach; what drives their result is the superiority of ad valorem tariffs in terms of revenue generation. As to the effects of tariffication Kaempfer and Marks (1994) present a model where the profitability of an exporting monopolist is affected by tariffication. They show that global efficiency -in the sense of purchasing from the lowest cost producer -may be reduced by the switch from a quota to a tariff. Again their setting is not one of monopolistic competition and increasing returns, rather, and contrary to the present model, producers vary as to their cost efficiency. Yet, the above contributions (as well as Helpman and Krugman (1989) when addressing non-equivalence of ad valorem to specific tariffs) deal with situations of monopoly or oligopoly but not with symmetric situations of monopolistic competition -the object of the present paper. The approach closest to the present paper is that of Gros (1987) . Gros builds a two-country single industry model based on Krugman (1980) and studies a series of trade policies in this framework.
His central results concern welfare effects of retaliation in tariff wars. However, Gros (1987) focusses primarily on ad valorem tariffs and does not address the welfare issue of tariffication. These issues are incorporated in the present model. This paper develops a general equilibrium model of monopolistic competition to examine tariffication. The formal approach builds on Krugman (1980) . The present approach models two symmetric countries, with two industries, of which one is internationally traded, and treats tariffication explicitly. The tariff import-equivalent to an exogenously given and binding import restriction is calculated. We distinguish between an initial import restriction
given by a quota and by a VER. It should be noted that this paper is not concerned with the emergence or rationale of the initial quota or VER but with its convergence into a tariff.
The model further distinguishes between tariffication executed via a specific tariff and via an ad valorem tariff. First, it is found that there is a significant difference in the welfare impact between specific and ad valorem tariffication. Thus, -even with complete reallocation of all tariff revenues -a specific tariff generates more consumer utility than an ad valorem tariff. This result is driven by the larger number of variants in the traded sector in the case of a specific tariff. The specific tariff allows for more firms to exist, because industry profitability is higher. Or put differently, as a revenue extractor, the ad valorem tariff is more efficient than the specific tariff. This is what drives the results of models featuring monopoly or oligopoly market power (see Helpman and Krugman, 1989, chapter 4) . However, due to this efficiency, industry profits are reduced, resulting in fewer firms. Second, we establish that the change in consumers' welfare under the process of tariffication depends crucially on the initial trade regime. If the import restriction initially is given by a VER (quota), then under the process of tariffication, welfare will be increased (remain unchanged) in case of a specific tariff and remain unchanged (be reduced) under an ad valorem tariff. In any case free trade dominates both the initial quota/VER situation as well as the tariffication situations in terms of consumer utility. Overall, the key result of the paper is that tariffication using ad valorem tariffs may have a potential opportunity cost in terms of the lost number of variants, compared to tariffication executed with a specific tariff.
The paper is structured as follows. Section 2 introduces the formal model. In section 3 we analyse the impact of the initial quota, VER and subsequent tariffication on quantities, prices and the number of variants in the traded sector. Hereby we distinguish between ad valorem tariffs and specific tariffs. Section 4 derives the spillover effects from the initial quota, VER and tariffication on the non-traded sector, namely those of the reallocated labour and spending power stemming from restrictions on the traded sector upon on the equilibrium in the unrestricted industry. Finally, section 5 presents the welfare results of the analysis. Section 6 concludes the paper.
The Model
We develop a setting of Chamberlinian monopolistic competition in the spirit of Spence (1976) and Dixit and Stiglitz (1977) . The specific starting point for our model are its applications to international trade developed by Krugman (1980 and 1981) . It is a wellknown result in trade theory that in a world with perfect competition, a quota and the import-equivalent tariff (specific or ad valorem) have the same impact on consumer prices in the importing country and that quota rents equal tariff revenue. Hence, tariffication would be a trivial policy change. However, if the importing country faces a foreign monopolist as the only supplier of a certain good, it is straightforward to show that the tariff revenue of a quota import-equivalent ad valorem tariff is higher than the tariff revenue of a quota import-equivalent specific tariff. Hence, tariffication is advantageous, and an ad valorem tariff is preferable to a specific tariff. The present model examines a monopolistic competition setting, i.e. a market condition between these two extreme forms, and finds that -from a consumer welfare perspective -specific tariffication is the preferred policy.
Assumptions of the model
It is assumed that the world consists of two symmetric countries, each with two industries.
In both countries market conditions are described by monopolistic competition, increasing returns to scale in production and differentiated goods. Each industry has a large number of potential variants which enter symmetrically into demand. We assume that the first industry is a non-traded industry and that the other industry is a pure export industry, i.e.
the second industry in the home country exports its entire output to the foreign country and vise versa. However, all our results can be extended to the case of actual intra-industry
trade.
The present model adopts the utility function of Krugman (1981) . However, for each industry we apply the functional form utilised in Krugman (1980) . As the two countries are completely identical, we only show the specification for one of the countries throughout the 
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For the moment we examine the properties of the export industry alone, bearing in mind that the free-trade equilibrium of the export industry is identical to the equilibrium of the non-traded industry. On the supply side we assume that there exists only one factor of production which is labour. All variants will be produced with the same cost function given by:
where is labour used in the production of the ith variant in the traded industry and
is output of that variant. This specification includes fixed costs " and constant marginal costs $ and hence average costs decline at a diminishing rate. This assumption ensures that each variant is produced by only one firm. Since by assumption one firm produces only one variant the number of variants equal the number of firms. Also since (2) implies that the labour requirements are identical for every variant, we can restrict our analysis to look at the market for one variant, since all other variants will behave identically. Hence, in the remainder of the paper the subscript i can be omitted. Labour requirements are converted into nominal costs by multiplying (2) by the wage rate, .
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The market clearing condition demands that the output of each variant should be equal to the total consumption of all individuals in the economy of that variant. We will assume full equality between the number of workers and consumers. Hence, the market clearing condition implies that the consumption of a representative consumers times the labour force, , must equal output, i.e.:
L
x Lc =
Equilibrium with free trade
Finding equilibrium in this model follows the standard procedure assuming free entry and exit of firms, the zero-profit condition and labour market π α β
clearing at full employment (see e.g. Krugman 1980 ). The equilibrium turns out to be:
Since (4a-c) characterises the export industry in both countries, it also states the import conditions. In fact, (4a-c) also states the equilibrium in the non-traded sector under free trade. Thus we have , and .
Defining a restriction on import volume
In order to model tariffication we need to define an initial restriction on importsadministered by either a quota or a VER. Noticing that the import volume of a country under free trade is given by , a restriction on imports can accordingly be χ θ β = = nx L 2 defined as:
3. Alternatively, the same allocation can be obtained by a competitive bidding quota mechanism where the desired number of quotas are auctioned off; i.e a system where a foreign firm bids the maximum price it is willing to pay for a fixed export share. The two methods are interchangeable as long as the zero profit assumption is maintained.
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Thus, the parameter ( measures how severe the initial import restriction is. In the analysis that follows, the different trade policy tools -tariffs (either an ad valorem or a specific tariff), quotas and VERs -are set such as to ensure that the resulting import volume is identical to the restricted import volume given in (5).
Effects of Trade Policy on the Traded Sector
This section analyses the effects of tariffication -i.e. the effects of applying specific and ad valorem tariffs that generate exactly the import volume given by the initial import restriction -on the market equilibrium in the traded industry. Section 4 will proceed by deriving the impact of these trade policies on the non-traded sector. The analysis commences by finding the market equilibrium under the initial import restriction. We distinguish between a restriction secured by a quota and a VER.
Import restriction -binding quota
The overall restriction on imports is given by (5). In this section we assume that the restriction is administered through a quota system, and that the quota is imposed by the home government via the fee, F. Paying the fee allows a foreign firm to export one unit of its product. Hence, the number of firms/variants in the export industry is endogenous. By adjusting F, the government controls the total amount of imports. Accordingly, the market clearing fee is set by the government such that the total amount of imports matches the import constraint. 3 Throughout the paper it is assumed that all revenue that accrues to the government -either, as in this section, the quota fee or, as in the following sections, the tariff revenues -is completely redistributed to the consumers.
Individuals, by maximizing the utility function given in (1), will attempt to use the fraction 
payment of a fee can be interpreted as an increase in marginal cost. Free entry and exit ensure that firms compete industry profits down to zero. The market equilibrium under this quota system where the overall import volume is restricted to is characterized by:
The fee f is calculated from the condition that total consumer expenditure on the import industry must equal consumer expenditure on any industry, i.e.
, where
is the revenue stemming from the quota fee which is redistributed to R f w q = χ consumers. Plugging in the value for f we get:
Thus, output per firm under a quota is less than under free trade. However, the number of firms in the traded sector has increased, even above the equilibrium number of firms under free trade. What motivates this increase? As can be seen from (6b) the cost connected with the quota fee is shifted onto prices with the factor . The intuition is that firms 6 since they 1 θ act like monopolists 6 set their price as a mark-up over marginal costs. As shown above, the quota fee is in fact a marginal cost increase. Thus, in a sense firms overcompensate the fee, increasing profitability (their operating surplus) and accordingly creating entry into the industry. Also, since the revenues stemming from the fees are redistributed, consumers' spending power is maintained, thus eventually pushing the number of firms beyond the number of firms under free trade. However, as will be shown in section 5, this increase in the number of firms is not a free lunch. The spending power stemming from the redistributed fee can be calculated:
Finally, due to the constraint of the initial import restriction the number of workers employed in the traded sector is reduced compared to the free trade case. In particular, the amount of labour reallocated from the export sector into the unrestricted non-traded sector is given by:
Import restriction -binding VER
In this section we analyse the situation where the import limit is administered through a VER. We assume that the foreign industry organises supply such as to limit total exports.
The exporting firms compete on the market to get a share of the overall import volume given by the import restriction; i.e. some central authority in the foreign country allocates a share to all the producers wanting to supply the market, subject to the constraint of 
Comparing a VER with free trade we see that prices and output of each variant are identical in the two situations. The only thing that differs is the number of variants, which is lower in the case of a VER, with ( determining the reduction in the number of variants. The stricter the import constraint, the fewer variants will be available. In this setup a VER is in fact identical to a reduction in market size, that is, a reduction in L.
Also, less labour is employed in the traded sector under the VER compared to the free trade equilibrium. In fact, the amount of labour reallocated from the export sector into the unrestricted non-traded sector is given by
Furthermore, since prices have not risen, consumers do not spend the same amount of money on imported goods as in the unrestricted equilibrium. The amount of funds reallocated to other goods is:
This spending power enters the non-traded sector, so that a restriction on the traded sector again has a spillover effect in the non-traded industry.
Tariffication -ad valorem tariff
We can now calculate the effects of an ad valorem tariff resulting in the same import volume as given by the initial restriction. However, any tariff will generate some tariff revenue. It is assumed that all revenue is redistributed completely to the consumers. An ad valorem tariff t affects firms similarly to a tax. In particular, only the fraction of ( ) 1 − t total sales revenue enters the exporting firm's profit function. Hence, the revenue part of the profit function changes, resulting in the profit function . π α β
t t t t t p x x w
Free entry and exit ensure that firms compete industry profits to zero. The equilibrium under an ad valorem tariff that generates the import volume is characterised by:
Thus tariffication utilising an ad valorem tariff results in the same number of variant (firms) and the same amount of output per firm as under the VER. However, what has changed is that prices have risen.
In fact, what happens in the case of an ad valorem tariff, is that the foreign producers have handed the entire import tax over and on to the consumers. The tariff level can been derived from the condition -stemming from the maximisation of (1) -that total consumer expenditure on the import industry must equal consumer expenditure on any industry, i. 
It should be noted that there are two opposing effects at work when imposing a tariff. An increase in the tariff level does decrease imports because of increased prices, but it also increases imports because of the increased spending power available to consumers. Since half of these funds are spent on non-traded products, however, tariff regulation of the import volume is possible. Note also that there is less labour employed in the traded sector (compared to the free trade equilibrium) and thus, the labour force employed in the nontraded sector is increased (compared to the free trade equilibrium) by the amount:
In fact, the amount of reallocated labour is the same as under a VER.
Tariffication -specific tariff
We calculate the effects of a specific tariff resulting in the same import volume as given by the initial import restriction. Let I denote the specific tariff, then the profit function of a firm becomes . Defining the specific tariff in real terms by π α β
the profit function can be written as . Hence, when
a specific tariff is imposed it enters the exporting firms profit function like an increase in marginal cost. Note, that this case is in fact identical to the quota case with and
T F =
. This result is in line with the findings in Gros (1987) . Accordingly, (6a-d) and (7a- 
results in more firms selling at higher prices, but with less output per firm, compared to the situation under the VER. Furthermore, the increased expenditures on fixed costs " (due to more variants) resulted in higher employment in the traded sector, hence fewer workers will transfer into the non-traded industries, compared to the VER and compared to ad valorem tariffication.
What drives the difference between the specific and the ad valorem tariff is the interaction of industry and firm profitability. As the ad valorem tariff is simply passed along to consumers (via the price increase), the individual firm's profitability (operating surplus) remains unchanged, hence their maximisation results in the same firm-level output volume as before. However, since prices have risen, industry profitability suffers and there is less room for firm entry before industry profits turn zero. In the specific tariff case, firms' profitability is in fact increased, i.e. the operating surplus is increased. Since a constant fixed cost has to be exactly offset for a firm to enter the industry, then with a larger αw operating surplus smaller output runs suffice to achieve breakeven. Hence, industry profitability is also larger than in the ad valorem case, allowing more firms to enter before 4. This is in line with findings that e.g. Lookwood and Wong (2000) and Kowalczyk and Skeath (1994) have made in very different settings.
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industry profits turn zero. So as a revenue extractor, the ad valorem tariff is more efficient than the specific tariff. 4 However, due to this efficiency, industry profits and firms' operating surpluses are lower than under a specific tariff, resulting in fewer firms. To verify this point consider industry profitability , which we represented by the profits that a Π s single firm would achieve under the above derived prices, tariffs and quantity , and χ operating surplus , given by the difference between marginal revenue and marginal cost. σ s In particular it turns out that: and
Effects of Trade Policy on the Non-traded Sector
In this section we analyse the impact on the non-traded sector through the spillovers from the labour market. The reallocated labour from the constrained export industry will move to the non-traded industry. Intuitively, when more workers are employed in the non-traded sector, the result will be a larger number of variants available. Besides, the trade regime has an effect on the amount of labour reallocated to the non-traded sector and hence plays a crucial role. Recall from section 3 that the total spending power equals the wage earnings plus the revenue stemming from either the quota or the tariff, where in the case of the VER there is no revenue to be reallocated, but consumers have more than half their funds available for consumption of non-traded goods. In particular, since we solve the model in general equilibrium, the total spending power ensures that the extra variants produced in the non-traded sector will be demanded.
Formally, the new labour supply for the non-traded industries, , can be written as:
Recall that a '^' in connection with any parameter refers to the non-traded industries. 1 2 L is the labour supply available for the non-traded industry in the free trade case. is the ∆ L s amount of reallocated labour from the constraint export industry, where the actual amount depends on which trade instrument is used (quota, VER, specific or ad valorem tariff). The increase in available labour does not influence the equilibrium output and price of the individual firm in the non-traded industry and hence output and price is equal to and
given in (4a and b) respectively. In fact, this reallocation is identical to an increase in market size, and thus only influences the equilibrium number of variants, and hence also total industry output. The equilibrium number of variants, , is found by using the labour $ n s market clearing condition for the non-traded industry given by:
Combining (10) and (11) is caused by the fact that the amount of reallocated labour to the non-traded industry is lowest under the quota and the specific tariff.
Welfare Results
In this section we will analyse the effects of tariffication on consumer welfare. The comparison of the different trade policy regimes is complicated by the spillover effects from the restricted sector into the unrestricted (non-traded) sector. In section 4 we have shown that reallocated labour and spending power from the constrained export sector will, when entering the non-tradable sector, result in a larger number of available variants, thus increasing utility. However, intuitively it is clear that since a loss of utility from the constrained traded sector has to be compensated by increases in utility from the non-traded sector, and since we assume diminishing marginal utility, the utility gain in the non-traded sector is insufficient to compensate consumers up to the free trade utility level. In fact we demonstrate that if tariff revenues are completely reallocated to the population, then consumers will be indifferent between a VER type import restriction and the importequivalent ad valorem tariff, while they will strictly prefer the import-equivalent specific tariff which turns out to be identical to the quota type import restriction. Thus, from a consumer's point of view, specific tariffs are the preferable means of tariffication for industries that feature monopolistic competition.
Given the initial import restriction -secured by either a quota or a VER -the two forms of tariffication and their respective impact on the traded and non-traded sector, it is possible to calculate the gains and losses in welfare. In particular, since all spending power is with consumers, we know that all that is produced will actually be consumed, hence the relevant values for n and x can be plugged right into the utility function, and one can compare the utility levels in the different scenarios. Inserting equations (4a-c) into (1) Using (1), ( 6)- (8) and (9) utility under the four different trade regimes is given by:
Ω Ω where , and q, v, J and t denote the scenarios of the quota, the
VER, tariffication via a specific tariff, and tariffication via an ad valorem tariff respectively.
The first term of each expression states the utility stemming from the consumption of nontraded products, while the second term measures utility from the consumption of imports.
The following result immediately follows from (14a-d): 
Proof. See appendix 1 and 2.
Total consumer utility is larger under a specific tariff than under an ad valorem tariff (given the same trade restriction), yet both tariff regimes are dominated by free trade. The superiority of the specific tariff compared to the ad valorem tariff stems from the fact that under a specific tariff (and in fact also under a quota) more profits remain in the traded sector, allowing more firms to exist. Since consumers love variety, this policy generates the higher welfare, even though the total import restriction is the same.
Given the results in proposition 1 and 2 one can draw conclusions on the impact of tariffication. Consumers prefer specific tariffication to ad valorem tariffication. However, whether the tariffication process is at all desirable from the consumers' point of view depends on the nature of the initial import restriction. If the initial import restriction is given by a VER, then tariffication will at least be welfare neutral (using ad valorem tariffs) and at best be welfare improving (using specific tariffs). On the other hand, if the initial import restriction is given by a quota, then tariffication will at best be welfare neutral (using specific tariffs) and at worst be welfare reducing (using ad valorem tariffs). It follows that when the initial trade barrier (to be converted into a tariff) is constructed from a mix of quotas and VERs, then specific tariffication will be welfare increasing, while ad valorem tariffication will be welfare reducing.
Conclusion
The 1990s have seen widespread tariffication for the members of GATT and later WTO.
This process of converting quotas and VERs into their tariff import-equivalents has been endorsed by governments and economists alike. The present paper argues that, in a world of monopolistic competition, tariffication has a significant effect on welfare, beyond the simple revenue generating argument, and that the method of tariffication -ad valorem versus specific tariff -feature non-trivial differences in terms of consumer welfare.
Furthermore, the change in the consumers' welfare under tariffication depends crucially on the nature of the initial trade regime -quota or VER. What drives the results of this paper is the number of variants in the export industry.
The model of the paper builds on Krugman (1980) . In a symmetric, two country, general equilibrium model, the case of bilateral tariffication for a binding quota and a VER can be addressed for specific functional forms. The main results of this analysis are that, under the assumption of monopolistic competition, quotas/VERs and their import-equivalent tariffs can result in different effects in terms of prices, the number of firms/product variants and the output per firm. In particular, in the traded goods sector a binding quota (VER) results in higher (the same) prices, less (the same) output per firm, and an even higher (lower) number of firms than under free trade. Enforcing the same amount of total imports via an ad valorem tariff results in the same number of firms as the binding VER (hence, also the same output per firm), however prices are higher than in the VER case. Enforcing the same amount of total imports via a specific tariff results in exactly the same equilibrium as under the binding quota. Further, all four trade policy instruments have spillover effects on the non-traded sector. In particular, an ad valorem tariff restriction in the import sector will result in a larger increase of the number of produced variants in the non-traded sector than a specific tariff.
In terms of the effect on consumers' utility, it is established that utility under specific tariffication -though less than under free trade -is higher than under ad valorem tariffication. Furthermore, utility under ad valorem tariffication is identical to utility under an initial VER, whereas utility under specific tariffication is identical to utility under an initial quota. This result is obtained under an assumption of complete redistribution of all tariff revenues.
This paper has thus established that when evaluating the welfare impact of tariffication for industries that feature monopolistic competition, it is important both to distinguish between the tariff tool used in tariffication and the initial trade regime. Thus our central finding is that an unduly reliance on ad valorem tariffication under the rules of WTO has both an opportunity cost in terms of the lost number of product variants and might even be welfare reducing.
